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PHYSICAL SCIENCES 


OBSERVATLON OF A LASER-INDUCED HIGH EXPLOSIVE GROWTH PROCESS 
Shanghai JLGUANG [LASER JOURNAL] in Chinese No 5-6, 1978 pp 163-164 


[Text] Thie article introduces an experimental method in the observation of a 
laser-induced high explosive detonation growth process and the experimental results 
of using Tat-an (PETN) as a first powder charge. 


The design principles of the testing set-up are twofold: (1) to facilitate the 
observation of the growth process of the laser-induced detonation. This requires 

a good hermeticity of the set-up and the laser's capacity to ignite easily the 
powder charge; (2) in order to directly observe the growth process of the detona- 
tion, conditions of good transparency of the set-up and a convenient method of 
installation are required. The function of the covering glass plate of the testing 
set-up is to prevent the splattering of the explosive when the powder charge sur- 
face is illuminated by a laser, and thus to prevent the cooling caused by the 
splashing of the dynamite. This preserves the initial temperature and pressure of 
the dynamite and is conducive to an accelerated reaction rate. The function of the 
fan-shaped slab of the plexiglas in the testing set-up is equivalent to an observa- 
tion window; an air gap of 0.20 mm is established between the fan-shaped slab and 
the powder charge. When the explosive is ignited, the thin-layer of air will glow 
when compressed by 4 shock wave and a high speed camera will be used to record the 
process from ignition by laser to a normal detonation. 


We are relying heavily on thermal effect in the discussion of the function of laser 
ignition of the explosive and the present experimental results can be approximately 
explained by a thermally induced explosion mechanism. According to the thermally 
induced explosion mechanism, because of the short interaction time of the laser, 
the powder charge can be treated as a semi-infinite space, neglecting the effects 
of convection, thermal radiation and radial conduction of heat. If parameters 
such as thermal capacitance, coefficient of thermoconductivity, and activation 
energy are taken as constants within the temperature range under study, and also 
the explosive surface is adiabatic, then an approximate one dimensional heat-flow 
equation can be used to describe the laser-induced explosion problem. The 
calculated results of the induction period is close to the measured experimental 
results. 


Employing this testing set-up, several stages (induction--ignitic..--low speed 
detonation--high speed detonation) are observed in the laser-induced Tai-an (PETN) 
explosive process. If metallic powders are added in the explosive and appropriate 








pressurised filling technique is selected, the time from ignition to detonation 
can be reduced to the order of | microsecond under a fixed energy environment. 


The experimental results indicate that this kind of testing set-up is more suitable 
for detecting the development process of the tested detonation growth period from 
about | micrusecond to 100 microseconds, 


CS! 8111/1077 





APPLIED SCIENCES 


PROGRESS MADE IN STUDYING EFFECTS OF MICROWAVE BIOLOGY 


Beijing SHENGLI KEXUE JINZHAN [PROGRESS IN PHYSIOLOGICAL SCIENCES] in Chinese 
No 4 Vol 11, 1980 pp 309-314, 360 


[Article by Ye Guoqin [5509 0948 2953) of the Microwave Laboratory of the 
Zhejiang Medical University: "Progress in che Studies of the Effects of Micro- 
wave Biology"] 


[Text] Microwave technology has wide applications in military science, com- 
munications, industry and medical sciences. Because microwave radiation can 
affect the health of human beings, many nations have established microwave safety 
codes to control its damage. In the 1970's, the study of the effects of micro- 
wave biology delved deeply into cellular and molecular levels. Some advanced 
technologies: electronic computer, electron microscope, electrophysiology of 
cells, holography have all been used by researchers. The central problem of the 
mechanism of the effects of microwave biology is the non-thermal effect. If this 
problem can be solved, some basic medical theories will be shaken. 


Microwave technology is widely used in industrial heating and drying. It is 
widely used in guidance, aiming of artillery, and satellite telecommunications in 
military applications. It is used in the microwave accelerator of high energy 
particles and microwave spectrography in scientific research. When using micro- 
wave technology and if it is used improperly, or if necessary knowledge and 
measures of protection are lacking, it can be harmful to man's health. As early 
as the 1930's, the United States had begun to study the effects of microwave upon 
living organisms. In the 1950's, they had relatively thoroughly studied the 
electrical parameters of microwave effects in tissues of living organisms and 
proposed safety codes for using microwave. The Soviet Union and East European 
nations have proposed a safety code that is 1,000 times less stringent than that 
of the United States based on field surveys and physical checkups and have taken 
the non-thermal effect of microwave as the theoretical foundation. 








In 1966, the International Microwave Power Institute (IMPI) was founded. The main 
members are the United States, Soviet Union, Great Britain, France and Canada. 

The headquerters is in Canada. There is the European branch (headquartered in 
London, New York) and the East European branch (headquartered in Warsaw, leper). 
The orgen of the IMPI is the Journal of Microwave Power. After founding of the 
IMPI, an international academic disucssion conference on microwave has been held 





aunually, The most important conference was the Warsaw Conference (July, 1973). 

A total of 40 papers were presented, invelving the effects of microwave upon the 

nervous system, the effects upon celle and molecules, combined effects of micro- 

wave and X-ray, the effects of microwave upon the reticuloendothelial system 

and the cerebral hypophysis., A total of 78 reporte were presenteu at the Belgium 
Conference (1976), 


Studies of the effects of microwave biology in the 1970's have already reached 
the cellular and molecular levels. Some advanced technologies, such as computer 
techr ology, electron microscopy, electrophystology of cells, holography have all 
bees used, But the mechaniem of the effecte of microwave biology: the serious 
opposition of the viewpoints of the thermal and non-thermal effects still remains. 


The studies of the effects of microwave biology are described below according to 
the functional systems of the human body and the methods of study: 


I. Thermal effect of Microwave 


When microwave acts upon a living organism, only a portion of the energy is ab- 
sorbed and converted to thermal energy. The microwave power absorbed by the tissues 
and the depth of penetration of microwaves are related to the dielectric constant, 
electrical conductivity, thickness and microwave frequency of each layer!, The 
shorter the wavelength, the less penetretion into the tissue, the longer the wave- 
length and deeper the penetration. For example, the penetration of 2.5GHz is 9 

mm. The penetration of 0.9GHz is 18 mm. 


The thermal effect of microwave radiation is mainly manifested by a rise in the 
subcutaneous temperature and the quickening of breathing and heart beat. Faster 
breathing is the most obvious. The thermal effects of pulse wave and continuous 
wave are not visibly different. If the power of the microwave is too large, the 
amount of heat produced in the tissue will be greater than the ability of the 
tissue to disperse the heat, regulation of body temperature loses balance, finally 
causing death*. The threshold of microwave radiation to cause death is related to 
the intensity of radiation, the duration and the temperature and humidity of the 
environment}, According to widespread studies of the thermal effect of microwave 
conducted over the past 25 years, reversible or irreversible rathological changes 
can be produced by exposure to a power density of 100 mw/cm?. In large animals, 

a power lower than 100 mw/cm? will not produce pathological changes or will only 
produce a very slight pathological change®. 


Because microwave can heat local tissues while the temperature of the rectum does 
not rise, we cannc* eliminate the effect of localized heating upon the nerves and 
the sensory organs We know from experimental results that the phenomena of a drop 
in electrical potential of the spinal cord caused by microwave and the drop in 
electrical potential caused by localized heating of the spinal cord are the same. 
At this time, using cold Ringl's solution to wash the spinal cord can bring the 
electrical potential back to its original level5. Temperature variations will 
affect the speed of conduction of nerve impulses and the speed of enzymic metab- 
olism. Therefore microwive of a power density of 1 mv/om? = 10 m/em? can produce 
a minute localized heating in the tissue. This should not be neglected. At 








present, many Buropean and American scholars have used the minute heating effect 
of microwave as the theoretical foundation to explain the pathological changes 
produced by microwave of less than LO aw/em?, This is the last defense line to 
retain the theory of “thermal effects,” 


It. The Effeet of Microwave Upon the Lens and the Visual Retina 


In 1950, it wae first reported that a radar technician who ‘orked for one year with 
microwave of 1,500 - 3,000 MHz frequency and a power densicy of 100 mw/cem? developed 
cataracts on both sides®, From then on, the damage to the eyes by microwave has 
become a matter of concern. This has two meanings: 1. A low field intensity 
microwave will not cause cataracts, They used medication to dilate the pupil, 

used an eye examination scope to examine the bottom of the eye and the lens, and 
photographed and recorded the shape © ‘he turbid vacuoles, their numbers and 
positions, The results showed there was no statistical difference between 736 
microwave workers and the control group of similar age group. The so-called “micro- 
wave cataract" and ordinary cataract do not have extraordinary different form. 

2. Microwave can hasten aging of the lens. There were visible differences between 
them and the control group. Out of 1,000 microwave workers, 42 were found to have 
cataracts. The lens of these people showed traces of heat damage. The damage was 
mostiy on the posterior pole, and there were cases of recurring cataract. The 
microwave workers did not feel any sensation of sting or heating during the period 
of work. The cataract was discovered only after they went to the doctor because 

of reduced visual capabilities. 


The research reports issued by the armed forces of * United States believed 

LO mw/cm2 would not damage the lens, 19 - 300 mw/cm? could cause reversible changes 
of edema of the lens, power larger than 300 mw/cm2 could cause irreversible changes 
in the lens’. 


In experimental research, some people have designed a “dielectric lens." It can 
focus microwave energy to irradiate the eyes of animals. In this way, the animals 
can be far away from the antenna and the microwave energy received by the surface 
of the body of the animals can be neglected while the microwave energy focused in 
the lens can become sufficiently large®. Meafee designed a shadowgraph viewer and 
using it to examine cataracts provides many advantages’. 


Intense microwave irradiation can rapidly cause cataracts in animals. Cataracts 
can be caused in the eyes of rabbits in 5 minutes by irradiation of 60 mw/cm2. The 
average agnpocetuse of the iens can reach as high as 55.1°C. Irradiation by 

200 mv/cem? (30 minutes) each time or 100 - 200 mw/cm2 for 30 minutes a day lasting 
a total of one month will not cause cataracts. But exposure of 15 minutes to 

300 ow/em? will produce vacuoles and turbidity in the lens. Some people have also 
reported that cataracts and vacuoles can be observed after exposuie to 165 mw/cm2 
each day for 20 minutes each time, 20 times a day for a total of 36 times. The 
threshold value of the cataract in rabbits is 180 mw/cm2 exposed for 140 minutes. 
The threshold value of monkeys is 300 rw /cm? exposed for 21 minutes. There are 
two types of experimental cataracts: 


1. Cataract immediately occurs after exposure and it is accompanied by other 
damage to the visual structure (such as cornea, bloodshot iris). In the lens a 
sheaf-like turbidity appears and the lens fuses into an incomplete opaque body. 




















2. Several days or several weeks after exposure, the damage is localized in the 
back cortical substance of the lens. Repeated exposure can affect the entire lens, 


Microwave cataract is mainly caused by the thermal effect of microwave. Because 
the function of heat dispersion of the lens is poorer, temperature easily rises, 
causing the protein in the lens to solidify and metabolism of the enzymic system 

is hindered, Weiter reported that microwave irradiation caused the vitamin C con- 
tent in the lens to drop. Heating the lens will also bring the same result. Some 
also reported that exposure to 225 mw/oem* microwave irradiation will not cause 
changes in the metabolism of thymus pyrimidine nucleoside in the cornea cell, Tur- 
bidity of the lens is mainly due to changes of the structural arrangement of the 
body of the cells. Some people believe low intensity microwave's non-thermal effect 
will also cause cataracts. Some others oppose this opinion. There is no definite 
conclusion. Microwave irradiation will also cause pathological changes in the 
retina. Recently, it was discovered that low intensity microwave will interfere 
with the electrical potential of the retinal®, 


Ill. Effect of Microwave Upon the Cardiovascular System 


The effect of microwave upon the cardiovascular system comes mainly from Soviet 
reports!!, 12, Workers under the effects of microwave for long periods have de- 
veloped frequent weakening of the first sound of the pointed end of the heat and 
accompanied at the same time by noise during the systolic period. Persons exposed 
for long periods to intense microwave have developed symptoms of depressed heart 
sound and shifting of the heart's boundary. As early as 1948, there had already 
been reports of overly slow and overly rapid heart movement among microwave 
workers, especially those working around the centimeter wave segments. Soviet 
scholars believe this is a manifestation of disorder of the vegetative neuro- 
vascular function. About 36 percent of the microwave workers frequently have un- 
even heart beats. A few, about 2 percent, has early atrioventricular heart beat. 
Workers exposed to microwave for long periods show a lengthened atrioventricular 
conduction on the electrocardiogram. A few shows hindrance of atrioventricular 
conduction. The electrocardiograms may also show depression of the T wave and a 
drop in the ST segment and such phenomena of deficient blood supply in the coronary 
artery. Individuals may develop minute focal myocardial infarction. 


Soviet scholars proved by 20 years of on-site surveys that the tenseness of the 
vagus nerve controlling the vegetative neuro-vascular reactions in workers working 
and exposed to long periods of several hundred w/cm2 to several mw/cm2 intensities 
of microwave has increased and blood pressure has dropped. They constitute 22.6 

to 28 percent. Their systolic pressure can be lower than 100 mmHg. The proportion 
of females is higher. The urine cf one day and night of a microwave operator may 
contain as high as 42 to 52h 8% of excreted adrenaline (the normal value is 26 to 
40)\g%) and pure adrenaline of 65 to 80M.g% (the normal value is 58 to 684 g%). 
Clinical symptoms of an increase in the secretion of catechu phenol ammonia and 
deficient blood supply to the heart exist simultaneously. It can be inferred 

from this that microwave causes disorders of the function of the sympathetic nerve- 
adrenal system and the lower part of the thalams!3, 


Some subjected dogs to 5 mw/cm? microwave irradiation. After only 30 minutes, 
changes in the electrocardiogram occurred. The QRS interval extended and the heart 














beat slowed, Normalcy returned 1 hour after exposure, Exposing the heart removed 
from the frog to microwave of a power density of several tens mw/cm* will stop the 
heart beat. The use of an average power of 30m w/ome of microwave to irradiate t'x 
heart for 10 4 200 ms after the P wave will interfere with normal heart beat. The 
above phenomenon will not occur when the heart is exposed to 10jAs 0 - 100 ms after 
the P wave**, But, the results of this experiment cannot be repeated. R. M. 
Clapman and G, A, Cainl5 used 200 hearts removed from the body of frogs and exposed 
them to pulse microwave and ECG synchronous stimulation and then used the computer 
to process the changes in heart beat. Visible statistica: differences in the heart 
beat of the stimulated group and the control were not discovered. Frey repeated 
past experiments and still firmly believes the view tha. microwave interferes with 
normal heart beat. 


Whether low field intensity microwave causes any damaging effect upon the cardio- 
vascular system is still being debated and further research is required. 


IV. The Eifect of Microwave Upon Blood, the Endocrine and Sexual Functions 


Microwave does not greatly affect red blood cells. Changes in white blood cells 
vary with different wavelengths. Centimeter wave causes them to increase, milli- 
meter wave causes them to decrease. Reticular cells and platelets generally de- 
crease and lymphocytes increase. A decrease in the functions of the blood making 
system and the lymphatic system occurs 6 weeks after exposure to 0.5 mw/cm2 micro- 
wave for 2 hours each day. Ordinarily, normalcy returns 2 months after exposure 
has ceased. Some have injected staphylococcus into the veins of the domesticated 
rabbit to infect it and then exposed the rabbit to microwave. The white blood cel] 
count and the granulocyte count were taken 4, 6, 10 and 14 days before and after 
infection. The counts of the group exposed to microwave all dropped. Some be- 
lieved the reaction of peripheral blood to microwave irradiation was not the result 
of the thermal effect of such exposure but was the result of nervous reflect. How- 
ever, the experimental results are still divided. Some used 10 mw/cm2? microwave 

to irradiate animals each day for 2 to 3 hours lasting 6 months. The counts of 
white blood cells, hemoglobin and platelets in animals did not visibly drop. When 
animals were exposed to microwave irradiation during the early period of recovery 
from X-ray irradiation, the formation of white blood cells and red blood cells was 
stimulated and the condition of the marrow improved!6, Therefore they proposed 
that microwave seemed to be able to serve as supplementary treatment of radiation 
diseases. 


The total protein and globulin in the serum exposed to microwave irradiation for 
long periods rose while the ratio of albumin and globulin dropped. In most people, 
the content of chloesterin increased (260 - 410 mg percent), the content of 
chlorides in blood dropped, the secretion o° sodium chloride in urine increased, 
the content of histamine in blood was higher than normal by 1.5 to 2 times. The 
activity of alkaline phosphorylase in the white blood cells visibly increased. 

Low intensity microwave increasea the content of free amino acids in blood, high 
intensity microwave irradiation reduced their content. Intense irradiation will 
cause visible changes in iron, copper, cobalt, zinc, calcium and megnesium ions and 
proteins containing metallic elements in the blood and the tissues and organs. 
Exposure to less than 10 mw/cm2 will not cause any change. Microwave can also 











cause the content of mercapto-radicals in the blood to drop. This drop coincides 
with the symptoms of the patient subjected to microwave irradiation, Therefore it 
ia believed measurement of che content of mercapto-radicals in the blood can serve 
as an indicator for early diagnosis of microwave damage. Low intensity microwave 
does not visibly affect platelets and the time of clotting of blood, But high 
intensity (280 mv/om?) will cause a delay in the clotting time and shorten the time 
of contraction of clots. 


In immunobiology, microwave irradiation su pressed the i= of antibodies and 
even caused globulin antibodies to disappear completely Microwave also increased 
the serum complement of the body and reduced the content of immunal globulin! 


These all show microwave visibly affects the ability of immunity of the body. 


The effects of microwave upon the endocrine have 12* become an important con- 
cern!?, Microwave of small incensity (<10 mw/em2) will cause disorder of the 
function of 50° thalamus-pituitary-adrenaline functions and increase the activity 
of CRF, ACTH29, Microwave can also cause hyperfunction of the thyroid gland in 

a few patients, cyanosis of the hands and feet, reduced function of mammary secre- 
tion in women, endocrine disorder of the metabolism of sugar, causiag visible 2138 
in blood sugar and —1 phosphorus. Experimental research has pointed out 

that 1.5 = 3.3 mw/cem2 of microwave irradiation caused the content of serum pentacar- 
boxylic acid in the small white mice to increase. The same changes were not seen 
when the mice were subjected to infrared irradiation of the same field intensity. 
Also, a frequency of 2.4 GHz caused an effect but frequencies of 2.9, 5.4, 9.4 GHz 
of microwave of the same intensity did not produce any effects. Microwave can 
suppress secretion of thyroxin. Microwave irradiation does not affect serum pro- 
teinase~’, the radiation effect of Gat++ upon the mitochondria of the liver of the 
white mice24,25, and the glucose-6-phosphate dehydrogenase. Some believed the 
effect of microwave upon enzymes is the thermal effect and it does not exert any 
special effect on enzymes26, No increases 27 were observed in the 17-OHCS and 
17-KS measured in urine. 


There have already been reports of microwave affecting sexual functions28, A 
31-year-old man was repeatedly subjected to high power radiation from radar for 
over 4 years. Pathological anatomy of the testicles showed localized focal 
nercosis of the seminal curvature duct, atrophy and mesenchyme edema. The pro- 
duction of sperm reduced. One year after exposure — his sexual function be- 
gan to recover. Some people believe that a 5 mw/cm* field intensity can damage the 
testicles29, causing the temperature of the testicles to rise to 37°C39, because 
local body temperature here rises easily. Some people are exploring male sterili- 
zation by microwave based on this principle. Experimental research shows microwave 
can reduce the ability of the hen to lay eggs. The effect of microwave upon sexual 
functions are manifested clincally by impotence of the male and disorder of the 
menstrual cycle of the female. 


Microwave irradiation of pregnant white mice can cause the fetus to die3l and 
suppress growth and development of the individual32, but there are also completely 
opposing opinions. 











V. Effeet of Microwave Upon the Central Nervous System 


Study of the effects of microwave upon the central nervous system has already 

been given special attention?), Survey of microwave workers shows the hindrance 

of the funetions of the central nervous system is manifested by headaches and 
dizeiness, physical weakness, tiring easily, irregular sleep (sleepiness during 

the day and a lot of dreams at night), failing semory, and excitability. The pro- 
portion gf gatients suffering from dizziness, weakness, insomnia, amnesia is the 
highest? 3, Electroencephalographic examinations show an increase of slow waves. 
Some believe the oceurrence of slow waves is a manifestation of the suppression 
process uf the nervous system, This is because experiments prove that the excited 
phase of a imale after being given harbital anesthesia is reduced by exposure to 
microwave irradiation3®, Some people exposed white mice to microwave of 5 +1 

mv/em* in intensity and observations of the electroencephalograms taken 1 - 7 days 
and 1 and 5 months afterwards showed microwave can cause changes in the electro- 
encephalograme)’, Also, it was discovered that the content of cholinesterase and 
isotope P22 in the brain dropped?®, Some people believe the effects of microwave 
upon the electroencephalogram are not chronic cumulative effects. Microwave can 
even induce epileptic breakouts in the encephalograme of animals. Visible waves 
appear in the spontaneous electrical potential. Normalcy returned 48 to 72 

hours after exposure ceased, Some people conjecture that this might have been 
caused by the excitation of the upward excitation system of the reticular system 
and irterception and hindrance of the downward suppression system by microwave. But 
the effeets of microwave still remained after severing the cerebral tissue at the 
mesencephalon level. Slow waves occurred widely in the cortex but the effect on 
the occipitalis is the most visible. Opinions on the threshold strength of micro- 
wave in affecting the electroencephalogram are diverse. Some ggople even believe 
slow waves can be produced by an intensity of 10 - 250 jAw/cm? » The intensity 
that determines the activeness of microwave biology is 5 - 20M w/em?, Viewing the 
changes of the biochemical indicators of the brain and the changes of the electro- 
encephalogram, pulse wave is more active than continuous wave. 


in research technology, the “microwave filter" (also called low passage wave filter) 
has been used, enabling the operator to observe and record the electroencephalogram 
during exposure to microwave irradiation without being exposed to microwave. Some 
have also used the method of regulating the brain wave frequency to avoid inter- 
ference from microwave to observe the changes in the brain's electrical potential. 


The activity of the glandular purine radical and tryptophane in the brain is 
increased in animals exposed to 10 aw/ of irradiation. The substance of con- 
tracted blood vessels of the inferior thalamus and the thalamus increased slightly 
while the activity of monoamine oxydase did not show any change If the field 
intensity is greater than 20 maw/cm*, vacuoles can appear at the inferior thalamus 
and the base thalamus. Intersections of .he visual nerves had degenerate fibers. 
The thalamus, the exterior patelliform, the Purkinje cells did not show any change. 
But there are alto some people who believe exposure of vung periods to low field 
intensity microwave will cause changes in the form of brain tissues and tissue 
chemistry (chromatocyte oxydase, succinic acid dehydrogenase, acetyl cholinesterase), 
and at the same time, metabolic disorders of the marrow phospho-ester and 

neuroglia also occur. Irregular chromatic spherules were found in the cerebellum 














and cerebral white and neuroglia cells increased, The amounts of cholinesterase 
and acetyl choline both changed, Microwave irradiation caused some enzymes in 
the brain to lose their activity, for example, the activity of the myokinase was 
only 10 percent that of the control, The phosphokinase in the brain was not 
affected, therefore the glucose phosphorylation process was still normal, 


Usine conditioned reflex and Y mage experiments showed animals became slow in 

their mocion after being exposed to microwave irradiation, They even did not 
respond to food, The incubation period of conditioned reflex was longer, and the 
ability Lo memorize decreased, At thie time, slow waves occurred in the electro- 
encephalogram of the cortex and the hippocampal circle showed convulsive electrical 
discharge. These gradually disappeared after exposure ceased. Microwave does not 
have much effect on the induced ele trical potential in the cortex, 


Study of the effects of microwave upon the behavior of animals has caught people's 
attention*®’, An exposure of | mw/em for 185 hours e not affect spontaneous 
movement of animals*!, After being expored to 6 mw/cm the exploratory behavior 

of animale lessened, and guarding recognition behavior of animals was affected 
while swimming was not affected**, The ebility of repeated taking was more easily 
affected by microwave than its recognizing ability. Microwave affects the 
offensive behavior of animals“®, ee wave has 4 greater effect on the activeness 
of behavior than continuous wave*3, 44, Suppression of behavior, slow waves of the 
encephalogras and increased release of 45Ga** in the brain often occur siml- 
taneously), 


The effects of microwave to induce heating of the skin and pain are determined 

by the intensity and duration of exposure and the area exposed. When a 40 
centimeter? area of the face is exposed to microwave of 21 mw/om? (10 Giz) or 58.6 
me/em- (3GHz), warmth can be felt after 1 second. When the power density is 
lowered by half, the threshold of warmth is 4 seconds. If the entire face is ex- 
posed to microwave with a power of 4 - 6 mw/om? (10 Giz), warmth can be felt in 

5 minutes. When the power is 10 mw/em2, it only ires 0.5 seconds. Pain can 
be felt in 3 minutes when an area of 9.5 centimeters* of the inside op»er arm is 
exposed to microwave (3 GHz) with a power of 830 m/com?, When the power is 3.1 
w/em?, pain is felt in 20 seconds. The threshold of pain of large area exposure 
(53 centimeters?) is 560 mv/cm?. The heating of the skin and the threshold of pain 
can be used as the subjective sensory indicators of the individual to protect him- 
self from sudden intense irradiation. Working and being exposed to microwave for 
long periods can raise the threshold of pain. 


Microwave workers with a longer work history have less sensitive smell and vision. 
The non-thermal power (¢ 10 mw/cm*) will reduce the hearing sensitivity of 

animale after a long period of stimulation. The incubation period of reactions is 
extended. The electrical activity of the organ of Corti of the cochlea of the 
guinea pig exposed for 4 hours each day for 25 to 50 days to 10-centimeter microwave 
of a power of 2 mw/cm? was weakened. The activity of the lactadehydrogenase in the 
organ of Corti increased, while the activity of succinic acid dehydrogenase of the 
acetyl cholinesterase was reduced. When exposed to 918 MHz microwave irradiation, 
the wave forms of 50 KHz and 50 v could be recorded on the cochlear window of the 
guinea pig, afterwards, the electrical potential of the hearing potential was 
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recorded, Electrical activity can eleo be recorded on the cerebral temporal lobe, 
After the animal has died, these responses disappear, Therefore it is believed 
microwave can cause 4 microphonic effect in the cochlea*’, The microwave hearing 
threshold of the human being is 120jaw/em (2450 Miz, background noise 45 decibel), 
The microwave hearing threshold of the cat is 178y.w/cm (2450 Miz, background noire 
64 decibel). Some people believe microwave hearing reaction is 4 new research 
tool to study man's hearing reaction and mechaniam, Microwave can also stimulate 
the vestibule, Thies stimulation may be related to the production of heat by mic ro- 
wave, For example, when a monkey is exposed to 10 mw/em? 600 mcal,/g,sec of heat 
ean be produced in the brain, Recently, Guy and chou*8,49 of the United States 
have proposed the theory of “thermoelasticity” to explain the hearing effect of 
microwave, 


VI. Study of the Effect of Microwave Upon the Function of the Single Cell 


In recent years, much research has been done to study the effects of microwave 
upon the growth of celle, synthesis of RNA, DNA, and synthesis of enzymes. Many 
people have reported that microwave irradiation can increase the permeability of 
the cell membrane, cause disorder of the function of cellular and subcellular 
structures, including suppression of the growth of celle and damage of the mito- 
chondria. When the cell of the Chinese mouse (in a culture) was exposed to non- 
thermal intensity of microwave irradiation, it was discovered that its growth rate 
slowed by 10 to 60 percent. More quantities of magelophyknotic celle appeared 

and the changes were irreversible. After the embryonic cell of a chicken was ex- 
posed to 2.7 Giz, 0.5 mw/em2 or microwave irradiation, a protuberance occurred 
after 24 hours, and then it broke up and decomposed. The effect of irradiation 

of 1 mw/em of microwave upon the granuloleucocyte suspended mixture was not 

large but at 5 mw/em? the death rate of cells increased. The Reith (7) spectral 
analysis shows the amounts of energy of the various frequencies of the microwave 
absorbed by the tumor cell and a normal cell are different. The absorption of 

the energy of the microwave of frequencies of 50 - 200 GHz by the tumor cell varies 
according to the type of the cell. Ordinarily, there are two to four different 
frequency bands. There is a constant frequency difference between frequency bands. 
This may be due to the different material metabolism of the normal cell and the 
tumor cell. Because of this observation, the various ideas and exploratory attempts 
to use microwave in the early diagnosis and treatment of tumors have emerged. 


Other experimental results show that microwave cannot suppress the growth and 
propagation of bacteria. It is ineffective even when the field intensity has 
reached 50 mw/em2, or even to stimulate growth and propagation. Some have also 
reported that the DNA structure of bacteria cannot be damaged by exposure to 60 
mv/em? for 30 minutes. Exposure of a cell (absorption power of 14 mw/g) of the 
embryo of the quail ege to 30 mw/cm? did not induce any visible change in the 
weight, red blood cells and white blood cells. 


Wachtel et al used microelectrode techniques to study the electrical discharge 
characteristics of the cells of the nervous regions irradiated by microwave. They 
showed microwave causes the resting electrical potential to drop. The author be- 
lieves this was caused by the change in the nature of the cell membrane, not a 
result of the heating effect of microwave 2°, Recently, Wachtel, H. proposed 
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the theery of ever polarization of cells caused by microwave>!, and believed the 
nonethermal effect actually exists>?, Thus, some proposed the theory of the effects 
of eleetromagnetic fleld and biological membrane, This theory holds that the 
pieces of phosphowester of the protoplasmic membrane in the gaps between the brain 
tiesves form the electromagnetic field that acts upon the central nervous system 
and serve as the material base, 
The central problem of the mechanism of the effect of microwave biology is the 
non=thermal effect, Reviewing the information published previously, most people 
believe this effect exists, But, to convincingly argue ite existence is still the 
main direction of study in microwave biology for the next few years. Its signi- 
ficance will far surpass the scope of protection against microwave. It will shake 
the basic theories of medical science. 
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EFFECT OF AXIAL FORCES ON SHEAR STRENGTH OF REINFORCED CONCRETE STRUCTURAL 
COMPONENTS 
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[Article by Lu Zhitao [0712 1807 3447], Zhou Minghua [0719 2494 5478] and 
Di Zhixin [3695 1807 2450): “Effect of Axial Forces Upon the Shear Strength 
of Reinforced Concrete Structural Components Subjected to Bending"*] 


[Text] Abstract 


concrete structural components subjected to a combination of shear force, bend- 
ing moment and axial force. It studies the causes, the main parameters and the 
degree of intensity of the effects of axial pressure and pull upon the shear 
strength of reinforced concrete structural components subjected to bending. It 
also discusses several related problems. Finally, it suggests a method of calcu- 
lation based on the experimental results. 


In actual construction, many reinforced concrete structural components are sub- 
jected tv a combination of shear forces, bending moment and axial forces, for 
example, che upper chord and the lower chord of the frame of an empty house, 
the wall of a rectangular swimming pool, the wall and the floor boards of an 
underground drainage ditch. Especially under seismic forces, pillars of multi- 
storied buildings bear large shear forces, bending moment and axial forces 
(pressure). On some pillars (such as angular pillars), pull can be generated 
by seismic load, making the pressured pillar become a pulled rod. On top of 
this, there are also shear forces and bending moments. Under the action of 
seismic torces, the double columns of single story houses and factory buildings 
also become structural components subjected to pulling (and pressure), bending 
and shear forces. In addition, because contraction is confined or because of 
temperature changes and changes in dimension, axial pulling forces can also be 
produced in the horizontal beams. But, the question of the shear strength of 
the structural component subjected to axial forces, shear forces and bending 
moments simultaneously is not yet reflected and solved in our nation's design 
codes (TJ10-74). 


This article describes the experimental results of a total of 43 reinforced 








*This article was received on 12 October 1979. 
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for this, we have joined our efforts with the problem of the design of the shear 
strength of the vertical wall and the floor board (as shown in Figure 1) of the 
box shaped drainage dite!) at the Mouwei Mines of the Maanshan Steel Mill and con- 
ducted preliminary exper.smental studies of the effects of axial pressure upon 
the shear strength of structural components subjected to bending. Then, we sup- 
plemented a batch of experiments on the effects of axial pulling forces, and 
explored the method of calculating the shear strength of the oblique section of 
the structural component subjected to eccentric forces (pressure or pull). 


peeeeeere 
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ened 
Figure 1. 


I. Research Plan and Process of the Experiment 


We experimented with and studied a total of 43 structural components. The firet 
batch had 28 structural components. We mainly studied the effect of axial 
pressure upon shear strength. The second batch had 15 structural components. 
Emphasis was on the study of the effect of axial pull upon shear strength. The 
major parameters of the experiment and study were: 


1. Axial force and direction: from the pulling stress x = =33.5 kg/cm’ to a 
N 


pressure stress of bh = 55.5 kg/cm; 


2. Hoop fitting percentage is 0, 0.28 percent and 0.32 percent; 





3. Resistance of concrete to pressure: 122-319 kg/cm (original design was 
No 200 and No 300); 


4. Longitudinal hoop fitting percentage is 2.69 percent, 2.04 percent and 
2.46 percent ; 


5. Shear-span ratio is 2.5, 1.7 and 2.35. 


In addition, among the two batches of beams, there were five beams that changed 
the position of longitudinal forces. 


The purpose of selecting the above parameters was to enable us to study the 
effect of axial force upon the shear strength of the structural components 
within a relatively broad range and to explore the problem of the computational 
expression for the shear strength of the reinforced concrete beam under the 


effect of axial force. 
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|, Experimental structural componentse--All teat components were reinforced 
conerete rectangular section beams. To make sure that they break, more longi- 
tudinal pulled steel reinforcements and an appropriate amount of longitudinal 
pressured steel reinforcements were fitted inside the beam. The longitudinal 
steel reinforcements were of II grade steel, the hoop reinforcements were No 3 
steel, The test components were manufactured respectively by the Maanshan 17 
Metallurgical Construction Company No 1 and the Nanjing Structural Components 
Plant. When manufacturing each batch of etructural componente, concrete teat 
pieces of 10 x 10 x 10 cm were simultaneously made and were placed beside the 
structural components for maintenance. The experimental perameters and char- 
acteristics of each beam are detailed in Tables la and lb. 


Table la. Characteristics of Eccentric Preesure Shear and Eccentric Pulling 
— of the First Batch of Test ponentä 


Num- ‘Dimensions § * — ma 3s vgt. 





Croup of the sec- Remark 

ber ion ‘ / ma’ Me Yield ° t 
N-) 35 932.2 0 
N-3 138.3&@31.9 12.90 150 16.0 
N-4 15.2«31.8 22.5 
X-5 15.4%31.6 0 

7 N t 18.18 32.0 187 3.08 0 ? 5 7 5 
N-? 15.2K31.8 12.90 15.0 
N-6 18.1™@31.5 ; 22.5 

. N-9 15.231.5 ry6 308 0 9 10.0 
N-10 15.3%31.9 9.82 ¢6@180 3420 | ~ 10.0 
N-1) 15.2K31.8 0 
N=92 15.232.) 7.5 

3.08 6 

X-3 15.1%32.1 os 6.82 oll M200 1.7 18.0 
N-14 15.1%31.3 22.% 
N-15 15.2%32.2 30.0 
N-16 18.2%32.0 136 0 

\ \-t8 In 032.4 85 op © 1.7 0 
N-19 15.632.6 11358 22.5 
N-20 16.0 31.6 185 30.0 
N-21 15.0«31.8 20.0 © = *6fem 
N-23 18.5K31.6 9.82 @150 20.0 
N\-24 15.8*31.8 0 
N-25 15.2K31.4 0 
N-27. 15.3 32.1 9 82 20.0 
N-2e 15.3x30.9 30.0 




















Table ib. 


Characteristics of Eccentric Pressure Shear and Eccentric Pulling 
Shear of the Second — — Test Components 


| _rolnforcenentanen’” tagee 


—* SFiS Aa a 














ber sect , the Yieldingratt ° Remark 
bxhg (cm) (ke/em') fem") — ‘point ath fall 
1 14.2% 28.7 0 
: 3 14.0%29.1 92 @180 ~3.8 
4 13.8% 28.6 14.8 
| § 14.1%29.0 0 
2, 6 14.1K29.5 285 a 8 345) 2.35 600 
7 14.2*29.0 ~ 15.0 
& 14.3%29.1 0 
9 14.5@29.4 “11.0 
3 0 144x290 197 sas St. 3145 2.35 yg 
1) 33.9% 29.2 + 15.0 
12 14.7% 28.4 * 15.0 e,= +9.Sem° 
13) 14.1&29.2 214 , + 15.0 , = —9.Sem 
4 14 14.3K28.8 192 as ge. 3°45 2.35) + 95.0 
18 14.0% 28.8 122 — | | #15.0) eg = +9.0cem 





* The three structural components, 12, 13 and 15 with different values of eo 
are not subjected to a longitudinal force at the axial core. The force is 
eccentric. co is positive means the longitudinal force acts on the pulled 
side, when it is negative, it means the longitudinal force acts on the pres- 
sured side. 


The structural components subjected to axial pull were encased in steel tubes 
of an inner diameter of 5 cm beforehand at the time of manufacture. To measure 
the stress of the hoop reinforcements and the longitudinal reinforcements, 
small pieces of wood (5 x 3 cm) were tied to some of the hoop reinforcements 
and longitudinal reinforcements inside the beam before pouring the concrete to 
provide space for placing electrical resistance plates. The outer dimensions 
and the positions of the measuring points and the hoop fittings of the exper- 
imental structural components are shown in Figure 2. 


2. The experiment--The axial pressure (pressure is applied at the center of 
the outer dimensions of the structural component) is applied to the surfaces 
of the ends of the beams by pulling rods and horizontal beams, jacks and ball 
reamers on the two sides of the beam. To eliminate adverse effects caused by 
the uneven surface of the ends of the beams, a layer of cement mortar of high 
strength wae applied between the ball reamer and the surface of the end of the 
beam. The horizontal force is applied by the jack on the top surface at the 
center of the beam. A steel cushion of 2 cm thick and 15 x 5 cm in dimension 
was also placed between the surface of the top of the beam and the jack. 
Beneath the steel cushion was a thin layer of sand. 
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Figure 2 


Key: (1) Second batch of test components 
(2) Preset steel tube 


The axial pull is also applied by the horizontal jack. It applies pressure to 
the experimental structural components via the steel pin (placed in the beam 
beforehand) inside the steel tube and the steel pulling rods on the two sides 
of the beam and the rectangular steel frame. Horizontal force is also applied 
by the jack on top of the beam. 


To understand the effect of the applied horizontal force on the recoiling force 
of the support, when applying the horizontal force, the recoiling force of the 
support was a.so measured using sensors and electronic scales. 


3. Contents of measurements and instruments-- 


Strain of shear-span on the inner section--25 cm calibrated hand-held extenso- 
meter (1/1000 readings) ; 


Strain of the mid span section--hand-held extensometer and 4 cm calibrated 
electrical resistance plates; 


Strain of the hoop reinforcements and longitudinal reinforcements--1.5 cm elec- 
trical resistance plates; 


Strain of fibers of the pressured concrete rim--4 cm calibrated electrical 
resistance plate; 
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beflection==-1/100 reading; 


Occurrence and expansion of cracks--40 magnification magnitying glasses for 
reading. 


All the above electrical assistance measuring points are connected to the 
automatic recording YJS-8 strain meter. 


4, Process of the experiment--Regardless of whether it is a pressure shear 
experiment or a pulling shear experiment, in all cases, axial force was first 
applied.* Generally it was applied two times (each time half of the axial 
force was applied). After applying each axial force, the readings of the 
meters were read, For the pulling shear structural components, after apply- 
ing the axial force, cracks were observed and drawn. Then, horizontal loads 
were gradually applied and new cracks appeared and were observed on the sur- 
face of the structural components. The readings of the instruments were read. 
At the same time, attention was paid to keeping the axial force constant. The 


forces were continually applied until the experimental structural components 
broke. 


II. Results and Analysis of the Experiments 
1. General Situation of the Cracking and Breaking Process 


The results of the experiments of all 43 experimental structural components 
are found in Tables 2a and 2b. 


As references (1) and (2) pointed out, the resistance to cracking and shear 
strength of the oblique section of the reinforced concrete structural compo- 
nents increased because of the existence of the axial pressure. Conversely, 
they weakened because of the action of the axial pulling force. 


Under the action of horizontal force, perpendicular cracks first appeared in 
the mid span. Then as the load increases, slanted cracks due to bending and 
shear forces emerged one after the other. The first cracks were perpendicular, 
then the cracks slanted towards the point of loading. When the load increased, 
slanted cracks due to belly shear forces emerged near the axis and in the sec- 
tion at a definite distance from the loading point. When the load increased 
further, new slanted cracks continued to occur and the original cracks extended 
and widened. 


On the beam under the action of axial pressure, perpendicular cracks and 
slanted cracks emerged relatively late. Their speed of extension and widen- 
ing was slower than that on beams subjected to nonaxial pressure and axial 
pull. Also, within a large area near the support, there were no cracks, 
therefore, these beams seemed to be stronger. 





* According to reference (7), the order of applying axial force and horizontal 
loads does not greatly affect the limiting load bearing ability of the beam. 
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Table 2a. Experimental Results of the Eccentric Pressure Shear and Eccentric 
Pulling Shear of the First Batch of Test Components 








Num- 

ber Rebh 
N-1 | 0 

N-2 0.081 
N-3 0. 162 
N-4 | 0,243 
N-5 ' 0 

N-6 | 0.106 
N-7 , 0.212 
N-8 0.318 
N-9 ' 1.16° 
N-10' 1.14° 
N-11 0 

N-12 0.121 
N-13 00.242 
N-14 0. 363 
N-15 0.484 
N-16 0 

N-17 = 0.109 
N-18 0 

N-19 0.327 
N-20 0. 436 
N-21 0.170 
N-22 0.170 
N-23 0.170 
N-24 0 

N-25 0 

N-26 0.090 
N-27. 0.180 
N-28, 0.279 


Experimental results 
my | Q} Qh) Form of 












* 1.16 and 1.14 are respectively the N/R)bh values of the structural components 


N-9 and N-10 


0/0 


1.) 
0.93 
0. 86 
0.87 


0.60 
0.45 
0. 46 
0.35 
0.93 
1,13 


0.89 
0.81 
0.8) 
0.78 
0.89 
0.45 
0.35 
0.5) 
0.34 
0. 31 


— — — — 


(T.M) (T) bre — 0 
3.03 $.63.12.15 € © 33.50 
2.93 6.87 14.38 )Shear 13.37 
3.90 8.75 15.62 pPressure 43 39 
4.37 9.38 15.31 13.31 
2.93 5.00 6.58 | | Shear 3.92 
3.42 6.25 8.75 (pressure 3.89 
3.42, 7.50 8.75 | Splitting 3.89 
4.39 | 8.75 1.10 | 3. 83 
, ec) Shear °. 
1.35 | 5.00 9.85 | — 13 
1.35 | 5.00 112. 30 13.86 
2.16 7.00 13.55 12.09 
2.37 7.50 15.00 /Shear 12.20 
3.55 10.00 15.00 |pressure 12.18 
3.21 10.63 15.30 soem, 87 
3.72 10.62 |13.75 {phset — 
2.19 5.00 7.25 3.24 
3.37 7.3 12.30 Shear 7 
2.36 5.62 9.0% pressure 4.6] 
3.37 9.38 13.12 meseune @. 0 
4.78 10.00 14.38 shear 4.50 
5.40 12.50 17.50 “@gatized 45 62 
2.03 6.88 17.15 16.09 
2.70 8.75 18.75 | 4 Shear 15.79 
2.03 6.60 16.25 \PFESS4F© a6, 04 
2.37 6.88 11.88 (Shear 7.14 
2.70 8.15 14.25 pressure 6 80 
3.37 111.25 16.88 . 79.32 
| 3.72 11.88 18.75 om 7.05 | 


0. 89 
0.94 
9.84 
/ 0.99 


— —— 


0.63 
' 0.48 
0.44 
0.38 


Q,’ 


13. 50 
13,83 
14,32 
14,69 


5.44 


5. 86 
6.33 
6.75 


8.42 
13.16 


12.09 
12.78 
13.23 
13.45 
14.34 


5.33 
7.77 
7. 60 
9.18 


9.51 


31.91 


13.47 
13.72 


2Zesisse2sR 


‘Siithor RAVE 
(Qr"/0} 


Ad 
. 96 
91 
.96 


83 
.67 
72 
.6) 


. 85 
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Table 2b. Experimental Results of the Eccentric Pressure Shear and Eccentric 
Pulling Shear of the Second Batch of Test Components 


















; : alculate Calculated 
. Experimental results”” according accord bo the 
—_ N° no suggested 
Ribh Mj} Q) , Form of 

(T.M) (T) H breaking o' /0 Qn" 0" 05 

0 2.93 6.88 11.05 [ teas 4426S AHS 
2 (), 884 3.75 9.70 (Pressure 43.19 4.35 12.72 3.3) 
} 1.578 3.25 11.05 Shear pullingi2.87 1.16 12.17 1. 
4 ~ 3,746 5.30 , 9. 10 (Sica 12.67 1.399 9 11.9) 1,30 
5 0 2.32 5.85 12.35 (Shear 13.20. 1.07 63. 20 1,07 
6 1.030 4,.49°11.25 pressure 13.42) 1.19 12.91) 3.15 
7 ~ 1,557 3.75 11.70 ( 13.23 1.93 12.46 1.06 
8 = 02.28 4.55 10.65 FRORE 14.72 1.10 91.7291 
9 1, 458 3.75 9.80 (Shear 11.89 1.2) 11.33 1.96 
10) ~2.030 5.00 10.30 ¢ pulling 11.70 1.14 10.93 1.°% 
12 +0.260 5.60 11.25 16.55 explosive 11.53 0.70 13.43 0.8) 
13 0.251 3.56 6.88 13.45 (Shear 11.89 0.88 | 12.26' 0.91 
14 *0.272 2.73 7.20 11.25 ‘(pressure 11.50 1.02 12.27 1.99 
15 40.437 5.12. 9.38 14.15 Pisplomiae 10-18 0.71 12.08 0.45 
The two batches Average value x 0.815 0.931 
totalled 43 test Mean oqpete coves o 0.298 , 0.170 
components : percentagecy 0.366 0. 183 








* The longitudinal forces of the test components Nos. 11-15 listed in the 
table are pressure, therefore in column No 2 the listed figures foi these 5 
test components are the corresponding N/Rgbh. 


**"In the column of “experimental results," M¢5, Q¢5, and q,* are respectively 
the bending moment at the time of occurrence of the perpendicular crack, the 
shear at the time of occurrence of the slanted crack and the shear at the time 
the oblique section breaks. 


Beams are subjected to axial pull split before horizontal forces were applied 
(the cracks and the beam axis were perpendicular), and the beam was nearly 
split through. Because the longitudinal steel reinforcements in the beam were 
mostiy in the pulled area, and there were very few longitudinal steel rein- 
forcements in the pressured area, therefore, the cracks at the top of the beam 
were wider, and the closer to the other side the narrower the crack. But, 
under horizontal forces, the cracks at the top part of the beam caused by 
axial pull gradually closed. Axial pull reduced the resistance to cracking of 
the perpendicular section and the oblique section, hastened extension of the 
cracks, the extension of the cracks became longer, therefore, axial pull re- 
duces stiffness of the beam. 
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The experimental beame were mostly broken by shear pressure, i.e., after tlw 
slanted cracks had extended more severely and after the hoop reinforcements 
reached the yielding point, the stress of the conerete in the area of shear 
pressure in the beam reached the limit of the strength of pressure resistance 
and the beam broke. In addition, several beams broke from pressure shear 
forces, i.e., before the slanted cracks fully widened, they suddenly became 
horizontal cracks, and characteristics similar to the breaking of columns 
under pressure occurred, and this was immediately followed by rapid crushing 
of the conerete in the shear pressure area, This type of breaking occurred in 
beams with a higher axial pressure rather suddenly. Because it was similar to 
the breaking of columne under pressure, therefore we have temporarily called 
this type of sudden explosive shear breaking as “pressure shear breaking" to 
differentiate it from “shear pressure breaking.” In the experiment, there 
were also individual beame (N-21) that showed localized damage at the point of 
loading (discussed later in this article). 


2. Occurrence of Cracks and Ite Relationship With Axial Force 


Figures 3 and 4 give the corresponding loads at the time of occurrences of the 
perpendicular cracks and slanted cracks and their relationship with the axial 
force. The black dots, the hollow dots and the triangles respectively represent 
the experimental beams with a shear-span ratio of 1.7, 2.5 and 2.35. 
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Figure 3. Relationship Between . Relationship Between 


Shear Force and Axial Shear Force and Axial 
Force at Time of Ocur- Force at Time of Ocur- 
rence of Perpendicular rence of Slanted Cracks 
Crack 


It can be seen from the diagram that regardless of whether it was a perpendicu- 
jar crack or a slanted crack, when they occurred, the loads all increased as the 
axial pressure increased. Also, the loads decreased as the axial pull increased. 


And, it can be seen from Tables 2a and 2b that although axial force visibly 
attects bending and splitting shear force and the slanted pulling and splitting 
shear force, it does not visibly affect the increments of shear force between 
the bending and splitting forces and the slanted pulling and splitting forces. 
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4‘, Shear Strength and Ite Relationship With the Axial Force 


Figure 5 shows the relationship of the shear strength and the axial force in 
the two batches of experimental structural components, 
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Figure 5. Relationship Between Shear Strength and Axial Force 


it can be seen from the diagram that the shear strength of the beam is greatly 
affected by the axial force. Regardless of whether it is a belly reinforced 
beam or not, its shear strength increases as the axial pressure increases. This 
is because axial pressure can delay the formation of slanted cracks, reduce 
widening of the slanted cracks and increase the height of the shear pressure 
area of concrete (Figure 9). Therefore, at the time of breaking, the portion 

of the shear strength borne by the shear pressure area of the concrete increases. 


In addition, experiments also prove that the beam's shear strength and the por- 
tion of increased shear strength produced by axial pressure all decrease as the 
shear-span ratio increases. 


Here we must describe the beam under axial pull (especially beams without belly 
reinforcement). For example, beam N-9 that was not belly reinforced was sub- 
jected to shear force and axial pull simultaneously, and before applying shear 
force, the section near the support within the beam's shear-span range and the 
section near the loading point had all basically split through. Therefore, 
people will doubt whether this beam can effectively bear horizontal forces or 
not. The experiment showed after applying axial force, slanted cracks were 
formed during the course of applying shear force and corresponding bending 
moment. On the other hand, the upper part of the original pulled crack near 

the point of exertion of horizontal force gradually closed up, and it did not 
visibly affect the strength of the experimental beam. At the same time, the 
cracks caused by axial pull on the section near the support did not close up 
because of a decrease in the bending moment but because of the gripping strength 
of the aggregate and the function of the hidden tips of the longitudinal rein- 
forcements. That section can still effectively carry shear force without becom- 
ing a broken section. 
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The effect of eccentricity of the longitudinal pressure upon the shear strength 
of the beams of the IV group of the first batch and the fourth and fifth groups 
of the second batch was tested by experiment. Among the beams of the IV group, 
beam N-24 was not subjected to axial force, the other three beama had the same 
longitudinal pressure, but the pressure points were different: The longitudinal 
pressure of beam N-21 was in the pulled area (e9 = +6.8 cm), the longitudinal 
pressure of beam N-22 was in the pressured area (e9 = -6.0 cm), the longitudina! 
pressure of beam N-23 was on the axial line of the beam (e9 = 0). The experi- 
mental results showed the position of the point of longitudinal pressure greatly 
affected the formation of the perpendicular cracks and the slanted cracks and the 
shear strength in the beam (see Table 2). Except for beam N-21 which showed 
localized damage near the point of longitudina) pressure, obviously, the effect 
of the Longitudinal pressure applied on the pulled side of the structural compo- 
nent was the best, 


it can be seen from the experimental results of the two batches of beams that 
the effects of axial pressure and axial pull upon the shear strength of the 
structural component subjected to bending can be separately described by two 
straight lines with different inclinations. The straight line representing the 
effects of axial pressure had a greater inclination while the straight line 
representing the effects of axial pull had a smaller inclination. It seems 

that the effect of axial pressure upon shear strength is higher than axial pull. 
But we believe: the favorable effect of axial pressure should not be given too 
much consideration because: (1) under a stronger axial pressure, the structural 
component will suddenly produce explosive pressure shear and break, and when the 
axial pressure is higher than a certain limit, it will cause a drop in the shear 
strenght; (2) structural components under combined pressure, bending force and 
shear force, when considering the effects of seismic forces, can become structural 
components under pulling, bending and shear forces, i.e., the favorable effect 
of pressure may decrease and even become an unfavorable effect. 


Therefore, we believe, the effects of axial pressure and pull upon the shear 
strength of structural components can be uniformly considered, and can be cal- 
culated by the principles and the methods described in “suggestions on design. '" 
The Qy in related equations in (4) is changed to Qy, i.e.: 


Q, "Qa. + & (1) 
while % = 0.07 N (when calculating Qen m is not taken into 
consideration) 
(2) 
0.12 : 
or Q% a N (when calculating Qen m is taken into consideration 


in equation (1), the sign before Q, is positive when the axial force is pressure, 
conversely, it is negative when the axial force is a pulling force. 


The calculations for the 43 experimental structural components described above 
show that the calculated value of the shear strength according to the suggested 
equations (1) and (2) taking the effect of axial force into consideration 








coincides more with the experimental results than the value computed by the 
standard method not taking the effect of axial force into consideration, Com- 
paring the experimental results and the computed values according to the stan- 
dard method: X = 0,815, o = 0.298, ec, = 0,366; and according to the suggested 
method: & = 0.931, 6 = 0.170, e = 0.183, 


4. The Effect of Hoop Reinforcements 


It was discovered in the experiment that when only the axial force was acting 

on the beam, the hoop reinforcement inside the beam basically was not subjected 
to any force. When the beam was simultaneously subjected to axial force and a 
horizontal force that was not too large, the stress in the hoop reinforcement 

in the beam was also very emall. Only until slanted cracks emerged in the beam 
did the stress of the hoop reinforcement suddenly increase visibly and the stress 
of the hoop reinforcement continued to increase as the horizontal force increased. 
At the time the beam broke under shear forces, the stress of the hoop reinforce- 
ment through the slanted cracks in the beam had basically reached the yielding 
point (Figure 6). Also, the experiment showed that the effect of belly reinforce- 
ment in the beam i.e., the part of the shear force it bore, seemed to be unrelated 
to the strength of the axial force and ite direction. For example, the differ- 
ences of the shear strengths between group I of | eames with belly reinforcements 
and group II of beams without belly reinforcements under different axial pressures 
showed almost the same difference as listed in Table 2. Also, for example, the 
difference between the shear strengths of the beam N-10 with hoop reinforcement 
and the corre ding beam N-9 with belly reinforcement both subjected to axial 
pull was 2.55; while difference between the shear strengths of the N-12 beam 
(with hoop reinforcement) and beam N-17 (without hoop reinforcement) under an 
axial pressure of 7.57 was also 2.50". Here, such a problem may almost come 
about: From the point of view of the main etress, the angle between the slanted 
erack and the axis of the beam when che bcam is subjected to axial pull will be 
larger. The angle between the slanted crack in the beam and the structural 
component when the beam is subjected to axial pressure will be smaller. If this 
is true, then in the beam subjected to axial pull, the slanted crack will pass 
through by the crack in beams subjected to axial pressure. But, the experiments 
have preliminarily shown that on the one hand, the axial force does not greatly 
affect the inclination of the slanted crack, and on the other hand, this effect, 
which is not too great, will be canceled by the effect of the height of the shear 
pressure area. Because the axial force affects the inclination of the slanted 
crack as well as the height of the shear pressure area at the end of the slanted 
crack at the same time, and these two affect the projected length of the slanted 
section and the number of hoop reinforcements being passed through in opposite 
wave. At the same time, it can be seen from Figure 6 that when the beam 

breaks due to shear forces when there is axial pull, when there is no axial 

force and when there is axial pressure, all hoop reinforcements yield. There- 
fore, the effect of the hoop reinforcements in the beam does not visibly change 
according to whether an axial force exists or not. This means, axial force does 
not visibly affect that part of the shear force borne by the hoop reinforcement 
in the bean. 
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the Stress of the Hoop the Stress of the Longi- 
Reinforcement and tudinal Reinforcement 
External Load and External Load 


In addition, it can be seen from the diagram that even when the beam breaks 
due to shear forces, the stress of the hoop reinforcements in the beam always 
reaches the yielding point when there is axial pull, when there is no axial 
force and when there is axial pressure. But, at each load level (especially 
the utilization level), the differences in the stress are still very large, 
therefore, the effect upon widening the slanted cracks is obvious. 


5. Stress of the Longitudinal Reinforcements 


In the experiment, the stress of the longitudinal reinforcement of each beam 
was measured. Figure 7 shows the variation of the stress of the longitudinal 
reinforcement in the mid span section along with different loads in the N-10 
beam subjected to an axial pull of 107, the N-1l beam subjected to no axial — 
force and the N-12 and N-13 beams subjected to axial pressures of 7.57 and 15°. 
It can be seen that the stress of the longitudinal reinforcement is related to 
the strength and the direction of the axial force. Axial pull causes the stress 
of the longitudinal reinforcement to increase. Axial pressure causes the stiess 
of the longitudinal reinforcement to drop. The higher or lower stress of the 
longitudinal reinforcement also affects the effect of the hidden tip of the 
longitudinal reinforcement, therefore, beams subjected to axial pressure have 

@ greater shear bearing ability because of a better effect of the hidden tip of 
the longitudinal reinforcement. 


Table 3 lists the actually measured values of the stress of the longitudinal 
reinforcement of the mid span section and the intermediate section between shear 
and span near the time when the beam breaks due to shear forces in four beams. 
Tt can be seen from the table that the stress of the longitudinal reinforcement 
of these two sections are very close. Therefore, they once again show that 
near the time when the beam breaks due to shear force, the reinforced concrete 
beam has gradually changed into “an arch with a pulled rod.” 
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Table 3. Stress of the Longitudinal Reinforcement of the Intermediate Section 
Between Shear and Span and the Mid Span Section of the beam at the 
Time Near the Breaking of the Beam by Shear Forces 


Mid span Intermediate section 
Number of beam section between shear and span 
N-10 2900 2850 
N-1l 2690 7. 
N=12 2840 2640 
N-13 1940 1780 


6. Width of Slanted Crack 


Figure 8 shows the relationship between the external load and the widening (at 
the center of the height of the section) of the slanted crack in the beams of 
group | with belly reinforcements. It can be seen from the diagram that whether 
axial forces exist or not and the strength and direction greatly affect the 

load causing slanted cracks to occur and the stress of the hoop reinforcement. 
These aleo affect the width of widening of the slanted crack. Ordinarily, under 
@operating ioad, the width of slanted cracks in beams subjected to axial pres- 
eure is narrower while the width of the slanted cracks in beams subjected to 
axial pull is wider. 
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Figure 8. Relationship Between Width of Slanted Crack and External Load 


in addition, the shape of the widening of the slanted crack in the beam does 
not seem to be closely related to whether there is an axial force or not. The 
shapes of the cracks in the experimental beams were basically the same. They 
were oll widest at the center of the height of the section, followed by cracks 
at the horizontal position of tve pulled longitudinal reinforcement and the 
narrowest at the tip of the slanted crack. 
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Figure 9. Relationship Between Distribution of Stress of the Section and Axial 
Force 
Key: (1) Top of beam (2) Bottom of beam 


7. Strain of the Section and Ite Distribution 


Figure 9 shows the average strain and its distribution within the 25 cm section 
at the mid span actually measured under various loads in the 4 beams N-11, N-12, 
N-13 and N-14. It can be seen from the figure that although the axial force af- 
fects the absolute value of the pressure strain on the fibers of the rim only 
slightly, it greatly affects the distribution and shape of the strain and the 
height of the pressured area. In the figure, the differences in the height of 
the pressured areas of the 4 beams subjected to the same horizontal force of 

25 are not small: the height of the pressured area of Q-11 (N = 0) was 6.5 cm, 
that of N-12 (N = 7.5°) was 6.9 om, that of N-13 (N = 15°) was 10.7 cm, that of 
N-14 (N= 22.5) was 11.6 cm. This partially proves that applying axial pres- 
sure can increase the height of the shear pressure area of the structural compo- 
nents, and thus, it increases the shear bearing capability of the structural 


component. 
Itt. Conclusion 


1. The experiments showed that the axial force acting on the beam not only 
greatly affected the shear resistance of the normal section and the oblique 
section, but also affected the shear strength a lot. The resistance to cracking 
of the normal section and the oblique section of the reinforced concrete beam 
and the shear streneth of the oblique section increased as the axial pressure 
increased. Converscay, they weakened when an axial pulling force existed. 
Therefore, in construction design using structural components that are subjected 
simultaneously to shear force, bending moment and axial forces, consideration of 
the effect of axial force upon the shear strength is very necessary. 


2. Applying axial pressure increases the ability of the beam to resist shear 
forces. The reason is that it delays the occurrence and the development of 
slanted cracks, increases the height of the shear pressure area of concrete at 
the critical time of splitting, improves gripping among the aggregates and the 
function of the hidden tip of the longitudinal reinforcement, thus increasing 
that part of the shear force borne by the concrete in the be:m. Conversely, 

the existence of an axial pulling force reduces the ab‘iity of the beam to resist 
shear. 











5. Experiments showed that the function of the belly reinforcements in the beam 
does not visibly change whether an axial force exists or not. This is because 
axial force does not greatly affect the inclination of the slanted crack. At the 
same time, this effect is also canceled by the effect of the height of the shear 
pressure area or is partially canceled. 


4. The effect of weakening the shear strength of the beam by the axial pulling 
force is not as serious as pointed out in references.°»® Also, its effect is 
smaller than axial pressure. When the axial pulling force reaches and surpasses 
the anti-pulling strength of the concrete of the section of the structural compo- 
nent, and after splitting, even the beam without the belly reinforcement still 
has a definite ability to bear a shear load. 


5. Comparison of the computed valur e experimental results showed that 
according to the method of the de .na coa. (TJ10-74), because the effect of 
axial forces upon the shear stre:gth of the structural components was not con- 
sidered, the error was larger, the computed results for the 43 structural compo- 
nents were: XK = 0.815, o = 0.298, cy = 0.366. According to the suggested method 
of this article, i.e., calculating according to equations (1) and (2), the error 
visibly lessened because consideration was given to the effect of axial forces, 
thus, ¥ = 0. 931, o = 0.170, cy = 0.183. 


6. In the future, the effect of axial forces upon the shear strength «f struc- 
tural components should be continually studied. In particular, the problems of 
the effects of axial forces on the ability of prestressed concrete structural 
components subjected to bending to resist shear force and the upper and lower 
limits of the effects of axial forces must be studied to provide a more rational 
method of calculating the shear strength of the oblique sect.on of eccentrically 
pressured and eccentrically pulled structural components. 


The experimental work for this article received the enthusiastic help from 
comrades Guo Ruisen [6753 3843 2773) of the Beijing Architectural Engineering 
Academy and Zhao Guangtian [6392 1684 3944] of the Zhengzhou Engineering Academy. 
During the course of writing this article, Professor Ding Tajun [0002 1129 6874] 
provided valuable suggestions. We profoundly thank them here. 
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[Text] Abstract 


Our nation's design code for reinforced concrete structures (TJ10-74) does not 
include the method of calculating stiffness and crack of eccentrically loaded 
structural components. This article provides information on the strain on 24 
short reinforcements in a rectangular section of reinforced concrete, the whole 
procedure for calculating the strain of partial test components of concrete 
bearing a load, and the whole procedure for measuring deflection and curvature. 
In addition, it also provides measured data of the widths of cracks of large 
eccentrically loaded test components. Strain measurements show the average 
strain coincides with the hypothesis of the flat section. A few test components 
were measur*d until they broke. Computations show the computational formulas 
for eccentrically loaded stiffness and cracking suggested in the computational 
system for stiffness and cracking originally to be included in the codes fit the 
data better. 


In 1977, we had continuously proposed the method of calculating'»? the stiffness 
and cracks of eccentrically loaded structural components based on domestic and 
foreign information. This experiment is one of the projects carried out in 
scientific research and planning for the codes and is a part of the work to be 
done for the entire experimental research plan on stiffness and cracking. 


I. Brief Description of the Experiment 


The experiment is divided into two groups, separately conducted in October- 
November of 1978 and June-July of 1979. A total of 24 rectangular section test 
components of a uniform length of 1.5 m were used. Figure 1 and Table 1 show 
the dimensions of the test components and the fitted reinforcements. The 
material characteristics are listed in Table 2. The dimensions of the legs of 
the first group of test components were c=29.5, 18.5, 14.5 and 0 cm (0 desig- 
nates small eccentrically loaded structural components). 


_— i ll — — 
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Figure 1. Dimensions of the lest Structural Components and Structure of the 
Reinforcements 


Key: (1) Steel plate 


Table 1. Dimensions of the Test Components and Reinforcements 






































Ba ' No of Dimension of Section m Reinforcement 
tch 

Number fee bxh | ; A A‘ 
Component |; 8 ; § ⸗ ⸗ 
gH) iS0x250 | 35 31 | 2020 | 2@12 

2 1S0x248 , 32 28 2012 | 2@12 

3 s0x251 32 35 | 2016 | 2@12 

4 isix251 32 | 35 | 2@16 | 2016 

= ‘ isix249 | 31 | 34 | 2M 16 | 216 
= 6 isoxaso | 33) 37 | 2016 | 2016 
_ 7 151x253 = -32 37 | 2@20 | 2@20 
7 2*x20 25 36 | 2@12 | 2@12 
x — 150*x283 35 34 | 2016 | 2016 
10 1S 253 3) | OM | 208 | 208 

J s2x252 33 | 31 | 2@12 2012 

a iS1x253 | 35 | 34 | 2016 | 216 
Zi—1 | 179.3% 252 | 37.9 | 33.1 | 2@12 | 2@12 

2 180.7 282 36.5 | 42.4 | 2016 | 2@16 

zZi--4 180.2x 252.3 | 32.8 | 41.4 | 2012 | 2@12 

2 180 x 251.5 34.4 | 45.4 | 2016 | 2@16 

P 70-1 180.2x 252.7 | 38.5 | 33.1 | 2@12 | 2@12 
ri 2 180.§x 254.3 | 30.5 | 45.5 2016 | 2@16 
* £W- 1 | 180.8x251.8 | 37.3 | 35.4 | 2@12 | 2@12 
* 180.5x253.2 | 34.0 | 46 2016 | 2016 
5 ZV -1 | 179.3«252.2 | 31.9 | 40.0 | 2012 | 2012 
2 2 179.8x251.3 40.0 40.8 | 216 | 29 16 
zu—1 181.7%252.3 35.4 = 396.5 | 2012 | 2@12 

2 | 179.5x251 | 393 40.8 2016 | 2@16 





33 








Table 2, Material Characteristics 
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Sal | | | * For Z2V~2VI1 
&3|@16 4521 7084 | 2.126 21.4 272 | 241) 17.0) *3.93 

s i i Ss 








In the second group of test components, the original design of @ 16 used II grade 
reinforcements but later III grade reinforcements were used by mistake. The 
cubic strength and pulling strength of the concrete were determined by testing 
the resistance to pressure and splitting (using 5 x 5 mm square steel cushions) 
of 15 x 15 x 15 cm cubic test pieces. R had been multiplied by the coefficient 
0.95 and converted. The elasticity modulo and the strength of resistance to 
pressure of the concrete were determined by experiment using 10 x 10 x 30 cm 
cvlumns. 


For the first group of test componerts, at the time, consideration was given 

to conserving steel. The distribution board was only 20 cm wide. The range of 
strength of the legs or the belly reinforcements at the ends of small eccentric- 
ally loaded structural components was not sufficiently strengthered. Thus half 
of the test components could not be pressured to the point of breaking. There- 
fore for the second batch of test components, we used full steel plates and 
greatly strengthened the leg structures. 





The columnar test components were subjected to pressure on the 200 t pressure 
tester. A hand-held extensometer was used to measure the average strain of 

three segments (25 cm x 3). In the first batch of test components, electrical 
resistance plates were used to measure tne strain of steel reinforcement Ag. In 
the second batch of test components, the strain of steel reinforcements Ag and 
A'g and the compressive strain of loaded concrete of seven test components were 
measured. The strain of 5 test components among them (ZII-1, 2, ZIV-2 and ZVI-1, 
2) was measured by the 100-point automatic electrical resistance strain meter. 
The other two test componets (ZV-1, 2) were measured simultaneously by three 
people on three YJ-5 electrical resistance strain meters. In addition, a per- 
centage table and a vertical deflection frame made of angular steel (with a fixed 
ream on one side and a movable ream on the other end) were used to measure the 
deflection at the central part and the two points corresponding to the two out- 
side points measured by the hand held extensometer, i.e., the distance from 

each point to the center of the structural component was 37.5 cm. This infor- 
mation was used to calculate the average curvature of this segment to check 
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against the measurements of the hand held extensometer and the curvature com- 
puted hypothetically according to the average strain coinciding with that of 
a flat section. 


II. Results of Strain Measurements 


Figure 2 shows the diagram of the stress of steel reinforcements calculated 
from the measured results of the strain of steel reinforcements. It can be 
seen from the diagram that for large eccentrically loaved structural components, 
the stress diagram of steel reinforcements generally consists of three straight 
lines, i.e., there are two breaks where crack occurs and at the time the steel 
reinforcement yields. The curvature of the stress curve of the loaded steel re- 
inforcement is larger. In the diagram, the triangular symbol indicates the 
corresponding load at the time the steel reinforcement yields. Under a large 
eccentric pressure (including critical eccentric pressure), the stress of the 
pulled steel reinforcement Ag at time of breaking reaches the yielding point. 
Of course, in Z-5, 2-6 which could not be pressured to the breaking point, the 
stress of Ag did not reach the yielding point. But for ZV-1, although it was 
pressured until it broke, the strese of Ag still did not reach the yielding 
point. This may be related to the following phenomenon: Because the break- 
ing section was 20 cm from the point of measurement, the width of the horizon- 
tal crack of the steel reinforcement reached 1.5 cm, the deformation was overly 
centralized and the structural component suddenly broke. Under a small eccen- 
tric pressure, the stress of Ag reached the yielding point at the time the 
element was being pulled by the critical eccentricity and the stress gradually 
lessened and changed into pressure. Regardless of whether the eccentric pres- 
sure is large or small, at the time of breaking, the stress of the pressured 
steel reinforcement (six test components) reached the yielding point even when 
the yielding point of the III grade steel reinforced test components was as 
high as 4521 kg/cm*. 


Figure 3 shows the eg - €g curve of some of the large eccentrically pressured 
test components. The parallel relationship has been generally established, but 
the others are parallel in another direction. This problem still requires fur- 
ther study. 


Figure 4 shows the strain of the pressured concrete test component ZII-1 mea- 
sured at each point (a total of nine points, the measured length was about 

37.5 cm) lengthwise along the central part of the structural component under 
various loads. It can be seen from the diagram that at the beginning of load- 
ing, the distribution of strain was less even, but as the load increased, the 
distribution of strain expanded. The largest strain corresponded basically to 
the positions of cracks. At the time of breaking, most of the test components 
showed an average strain surpassing 3.5 percent within the range of measurements. 


It should be pointed out that when the moment of breaking was near or reached, 

the strain of the concrete lessened. This may be due to redistribution result- 
ing from deformation, i.e., the strain at some points increased while that at 

some other points decreased. But during the latter period, the decrease in the 
strain at all points may be related to the fact that the concrete had been crushed 
or the cement had loosened as a result of the occurrence of many small cracks 
(electrical resistance plates). 
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Figure 2. Diagram of Stress of Steel Reinforcements 


Key: (1) Stress (2) Yielding of steel ceinforcements 
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Figure 4, Presure Strain at the Concrete Rim 
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Figure 5. Distribution of Strain Along the Height 
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Vigure 5 shows the entirety of the distribution of the average strain along 
the height of the section, It can be seen that the average strain basically 
coincides with the hypothesis of the flat section, Here, three test compo- 
nente (Z<1, Z-7 and ZV-1) were measured until they broke (N/N, = 1,0). This 
can be used as the experimental basis for the computational model of the flat 
section hypothesis used in calculations of atrength because breaking actually 
also occurs within one segment. 


LIt. Experimental Results of Deflection and Curvature and Their Analysis 


Although the etructural components were 150 em long, but because of the in- 
stallation of the deflection frame, our measured deflection was actually that 

of a 138 cm long structural component, i.e., equivalent to the deflection value 
with A,B as the supporting pointe (Figure 6). Because of the necessity of add- 
ing the load, legs were added to the two ends of the structural component. 

Thie greatly increased the stiffness of thie area, therefore the side shifts 

of points D and E were measured at the same time and thus the deflection Af 
within the length of the structural components as equal sections was also siven. 
In this way, the average stiffness of this segment can be more accurately 
examined, 


According to the principles of mechanics, it is not difficult to prove that in 
symmetry, the deflection between D and E can be determined by the simple sup- 
porting structural components at Af the two ends bearing a bending moment of Neg. 


Figure 7(a) (customarily, the diagram shows the structural component in a lying 


position) shows the M/B diagram of any symmetrically loaded structural component. 
According to the conjugate beam method, we have: 


* fo= Mt~ M+ + De ~ [Max De-» 


(6) 

















(a) 
i \ * 
— & th %t 
Bier 


Figure 6. Illustration Figure 7. Conjugate Beam 
of Eccentric Pressure 


where: Ma Ms and QF — are respectively the bending moment and the shear at 
points C and D on the conjugate beam. Because Ms = fy» thus: 


Afe=fe—Jfn= Qh DC - [mM ax DC ~ x) 
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From Figure 7(b), we have 


dje~ (Qh BE - —J 1 


and wien | is symmetric, (Q8) = oF , thus: 
AE. * Af’. 


i.@., Afe ean be calculated when D and E are taken as the simple supports (but 
the D and E ends bear the sectional bending moments of the original estructura! 
component). 


The curves of the deflection Af for the 24 test components measured are show 
in Figure 8, 


The experimental values of the curvature were determined by two methods. 


(1) According to the hypothesis of the average strain of the flat section: 


hy .des ( 
‘ 1) 


where: eh . e> =-are respectively the average strain of the concrete at the 
rim of the presSured area (or greater pressure) of the structural component 
measured and the average strain of the steel reinforcement Ag. When the steel 
reinforcement is pulled, it takes a negative sign and when it is pressured it 
takes a positive sign. 


(2) According to the are of the deformation curve among DCE, we have: 


1, 2A/ 
oe: (2) 


and we take the average value of ( ; ), and ( t )» calculated in equations (1) 
1 
and (2) as ( ry de» i.e.: 


| 
hye 54 (3) 
Table 3 gives the measured values and the computed values of the deflection and 


the average curvature of the DE segment under two grades of loads. 


it can be seen from Table 3 that except for a few cases, in general, ( 7 ), and 
( , ), are close, and they are similar to the results of our past experiments of 
structural components subjected to bending. ° 












































































































































































































































Figure @. WN-Af Curve 


Key: (1) Experimental values 
(2) Computed values 
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figure ¥ aleo tllustrates the whole procedure for calculating ; according to 
equation (2) for the four large eccentrically pressured test components. 
































When ee» /he » 0.55, the computed stiffness of the (rectangular section) struc- 
tural component can be determined by the following equations! +¢: 


By _ BaAghh 


A — (4) 
gil if-0 * 02⸗ 
‘ 
0.235bA'R 
g~ 1.2}1- = (5) 
— 
— 


When eo/ho 2 0.15, the stiffness of the structural component is determined by 
the following equation: 


B, ° 0.85E, Jo (6) 


When en/he is between 0.15 and 0.55, we interpolate using equations (4) and (6). 


ie Measured values and the computec values of » are compared in Figure 10. 
its average value and computed value are relatively close. (The computed 


atrain of the steel reinforcement is determined by Og calculated from equation 
(ll), see next section.) 


In reference (1), the value correspon?’ "© to Ae of equation (4) is taken in the 
following form: , 


au _ 0.2+ bmp 
Sons ay’) 40.45 


fs 


(7) 
) 











Por the rectangu'ar section, we take y' = 0, 


(™)- EeAghaeh (8) 
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Figure 11 shows the curve of the coefficients of comprehensive deformation of 
the pressured rim of the concrete. For the 14 test components (large eccentric 
pressure or close to large eccentric pressure), 


(™ ), / (3B) = 0.762 - 1.100, 1.245, the last ratio corresponds to 


the test component when e9/hyo = 0.455. At this time, the stiffness should 
actually be calculated by interpolation. The average 


C%),/ ™) = 0.955. 


* 


Deflection is calculated according to the following equation: 


= Ne,.f1’ (9) 
f= 0.125 “Se 


Here, because the length of the structural component is shorter, the added 
effect of an increase in the bending moment caused by deflection is not taken 
into consideration. ' + 


In Table 3, the average 4f,/\f = 0.937, o = 0.134, Cy = 0.143. Coincidence is 
acceptable but they are more dispersive than the data statistically obtained 
for structural components subjected to bending in the past (those for the lat- 


ter are 0.963, 0.1125 and 0.117), , MK ; ) = 0.966, o = 0.120, C, = 0.124. 


uu 








The average f,/f = 0.911, amaller than 4f,/Af, but the two batches respectively 
average 0.951 and 0.876, their average Af,/Af = 0.911 and 0,959, t.e., the 
average of the firet batch £,/f is larger chan the average Af,/df. 

Thies should be related to the drastic dr.p in stiffness of that part after the 
lege cracked, It can be seen from the table that 4f,/Af and the average values 


of ( ; da /f . ) are close. In the first batch of test components, becaure 


there were more slanted and verticle cracks in the legs, such as test compo- 
nents Zl, 23, the stiffness within the range of the legs also decreased a lot, 
therefore f/f was larger than Of ,/af. In 26 and 27, because the percentage 
table near the two end inetallations was out of order, measurements were not 
shown (for the second batch of structural components, the deflection frame was 
reamed on both ends of the test component but for the first batch of test compo- 
nents, the point of support of the ream was farther away from the end of the 
test components, therefore the shifte of the two ends were measured--actual dis- 
tance from the two ends was 6 om, i.e., for f, the span was 138 cm). For 29 to 
Z12, because of the small eccentric pressure, legs were not installed. For the 
second batch of test components (this batch of test components all were fitted 
with legs), the average value of 4f,./\f was larger than the average value of 
f./f. This reflects the effect of the increase in stiffness of the leg section. 


Figure 9% illustrates the whole procedure for calculating i according to the 


method of computation suggested in reference (6) by dotted lines. The lines 
coincide fairly well. 


IV. Results of Cracking Experiments and Analysis 


Measurements of the cracks of the test components under large eccentric pres- 
sure or close to large eccentric pressure were taken (Z-1 and ZIV-1 were not 
measured). The measured results are shown in Table 4. 


The calculations followed the original suggestion,“ i.e., the average gap of 

the cracks were calculated according to the formula for structural components 
subjected to bending as suggested in the codes, » was according to equation (5). 
The stress of the steel reinforcement was calculated according to the following 
equation as originally suggested’: 


/ ry +. -_ A. 
—* (10) 
oe~ Agh, 


The applicable range of the above equation is eo/hy » 0.55. 


It can also be calcuated as a structural component subjected to bending by using 


the bending moment N, and the steel reinforcement A. + N as equivalent substi- 


tutions. (In eccentric pull, the "+" sign is changed toeche "-" sign.) « 
this time, 


Ne N 


o e = — 
⸗ Acnh. Ae (il) 
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For f, we can use the equation (4) suggested for atructural components sub- 
jected to bending, but ny» should be equivalently substituted by (ny), 


Jen 


then (13) 


n=i—0.4S (ny) 


Because the effect is not large, the effect of the pressured steel reinforce- 
ment is not taken into consideration in the computation. 


Because on the right side of equation (11) also contains og, therefore test 
calculations must be performed, but it easily converges. 


After comparison with equation (10), the differences of the two are usually within 
10 percent. When the eccentricity is small, the percentage of fitted reinforce- 

ments is higher (generally belonging to damage by small eccentric pressure). 

Since the error of equation (10) is larger, it requires study and revision. 


Figure 2 shows the computed o, for Zl - 24 in dotted lines. it can be seen 
that sometimes the computed vilues are much larger. This is related to the 
inherent error of the computational formula and also related to the fact that 
the points of measurement may not always be on the cracked section. But this 
type of deviation will gradually lessen as the load increases. 


To be able to calculate test components with a relatively small eccentricity 
and more fitted reinforcements in the experiment, the computed values 4 listed 
in Table 4 have all been obtained from Og determined uniformly according to 
equation (11). 


Actually, when eo/ho < 0.55, such as ZII-2 (eo9/ho = 0.555), and when N= 40t, 
i.e., when N/N, = 0.77, & —_ reaches only 0.143 mm; ZV-1 (ec¢/ho = 0.455, 


f 
s . —E — Ss — — 
n/t, = 0.842, Se = 0.11 mm; ZV-2 (eo/ho 0.51), n/t, 0.875, be 0.165 


mm. When considering an increase of 50 percent due to long term effect, the 
requirement of not surpassing 0.3 mm can still be satisfied. Therefore, 
according to the original suggestion, when eo/h < 0.55, gererally the width of 
the cracks need not be checked, and this may be feasible. 


Table 4 shows the average 5F/é¢ = 0.826, ¢ = 0.156, Cy, = 0.189, coinciding better 
than the data on cracks checked for structural components subjected to bending 

in the past (For the latter,they are respectively 0.804, 0.2245, 0.279°); the 
average * = 1.352, ¢ = 0.296, Sy = 0.219, also having less dispersion than 
structural components subjected to bending (For the latter, they are respec- 
tively 1.405, 0.380 and 0.270). 


Possibly the greatest width of cracking determined py statistical data (accord- 
ing to a definite percentage of assurance)“: 








.d go 
= (100 +0, Je, 
Oy men ™ (UU +6 ry E, (mm) (14) 


According to the data in Table 4, the percentage of assurance of equation (14) 
is 70.5 percent, coinciding with the statistics for structural components sub- 
jected to bending in reference (2). When the two sets of data of slightly 
higher loads are deleted, the percentage of assurance can reach 80 percent 


V. Conclusion 


Based on these experiments, we have formulated the following two preliminary 
views: 


1. The experiments showed the computational formila for calculating stiffness 
under a load suggested in the past generally coincides better with the actual 
situation. But the suggestion of completing the simplified computations for 
the whole process should be followed and the effects of longitudinal bending 
of the long column should be studied. 


2. Comparative computations showed the computation of the width of the cracks 
originally suggested still coincides with the actual situation. The formula 
for calculating the maximum width of the cracks based on the original sugges- 
tion and according to statistical determination still has a sufficient per- 
centage of assurance for eccentrically pressured components. 


In developing the test components, a lot of help was received from the Nanjing 
Concrete Components F.ant. In preparing and carrying out the experiments and 
in testing and compiling reports, enthusiastic help was received from all the 
comrades of the structural laboratory and Comrade Yuan Biguo [5913 1801 2654] 
of the civil engineering construction teaching and research group. In the first 
draft of this article, the numbering of two beams was reversed. This was 
pointed out by Comrade Zhang Liren [1728 4539 0086] of the Second Engineering 
Department of the Hunan Provincial Coal Construction Company. We thank them 
all. 


Because of limited space, the experimental results and analysis of crack resist- 
ing load and breaking load were not included in this article. 


Because the number of experiments conducted was insufficient, analysis was not 
eufficiently carried out in depth. The information is provided only as refer- 
ence. Criticism and correction of mistakes are welcomed. 
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Beiiing GCAONENG WULI YU HE WUL] [PHYSICA ENERGIAE FORTIS ET PHYSICA NUCLEARIS} 
in Chinese Vol 5 No 2, 1981 inside back cover 


[ ex! } UU, Unitary Symmetry in Dibaryon Systems......Zhang 
Yushun [1728 4416 7311), Wang Weiwei [3769 3452 3452) and 

Li Yaneguo [2621 2254 0948], all of the Institute of High 

Ener ivsics hinese Academy of Sciences; Chen Xiaot ian 

[7115 2556 1131] and Ruan Tunan [7086 0956 0589], both of 

e University of Science and Technology of China (156) 
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AUTHOK:; DAI Hewu [2071 0735 2976] 
CHEN Misheng [7115 4410 3932] 
CHEN Wenmin [7115 2429 2404] 


ORG: All of the Beijing Research Institute of Coal Chemistry (CMRI) 


TIT ues "The Study of Distribution of Coal-bearing Substances of Different Apes 
and Coal Features in China” 


SOURCE: Taiyuan RANLIAO HUAXUE XUEBAO [JOURNAL OF FUEL CHEMISTRY AND TECHNOLOGY } 
in Chinese Vol 9 No 1, Mar 81 pp 1-13 


TEX! OF ENGLISH ABSTRACT: The distribution characteristics of coal-bearing 
accumulation at different coal ages in China were studied systematically in this 
paper. The distinctions of coal resources in some major accumulation stages and 
also the coal nature of different coal bearing systems and their patterns of 
changes were described. Apparent distinctions in distribution characteristics 
and their coal features at ditfterent geological ages were found. 


XU Kiao [1776 2556] 

LI Taiqian [2621 3141 6197] 

WEI Meizhong [7614 2734 0022 
"HANG Jingcheng [1728 6975 3397] 
XU Shuying [1776 3219 5391] 

SHI Meiren [0670 5019 0088] 

LI Boling [2621 2672 0109] 


AUTHO! 


ORG 3 All of the Institute of Coal Chemistry, Chinese Academy of Science: 


LE: lsolation of lsoprene trom Cs Fraction of Cracked Naphthas. Verificatio: 
Experiment for Mathematical Modeling” 


OURCE: .iyuan RANLIAO HUAXUE XUEBAO [JOURNAL OF FUEL CHEMISTRY AND TECHNOLOGY } 
in Chinese Vol 9 No l, Mar 81 pp 14-28 


EXT OF ENGLISH ABSTRACT: To obtain high purity isoprene from Cs> fraction of 
cracked naphtha, extractive distillation and rectification were generally employed. 
, of them could be described by mathematical modeling. In this paper, ex- 
perimental data for verification of models were presented, 


A @32 m column with 92 sieve plates was used and it was equipped with 9 site 
column both for sampling and temperature measuring. The experiments 
were carried out in this column successively according to the sequence in the flow 


llagram, 1.¢., first extractive distilling column for separating Cs alkanes and 











[Continuation of RANLIAO HUAXUE XUEBAO Vol 9 No 1, Mar 81 pp 14-28] 


ilkenes from dienes, tirst rectifying column Lo remove the components heavier than 
isoprene, second extractive distilling column for separating other alkanes and 
cyclopentadiene from isoprene, and the last procedure, second rectifying column 

Lo remove the components lighter than .soprene. ‘the C5 fraction with 20 components 
(rom the eracking unit of a petrochemical plant was used as feed stock and DM was 
used as the solvent. 


‘he protiles of compositions of each component and temperatures along the column 

of the above-mentioned four procedures under their appropriate operating conditions 
it equilibrium were given. The corresponding analytical methods which involved 
bout 10 chromatographic columns used independently or in combination were also 
pre ented, 
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AUTHOR: LI Guohao [2621 0948 6275] 
YI Jianguo [2496 1696 0948] 
CHEN Zhongyan [7115 1813 1693] 


ORG? None 


lITLEs "Earthquake-Kesistant Analysis of the Luan River Bridge. (2) Earthquake 
Kesponse Analysis” 


OURCE: Shanghai TONGJI DAXUE XUEBAO [JOURNAL OF TONGJI UNIVERSITY] in Chinese 
No 1, 1981 pp 1-14 


TEX! OF ENGLISH ABSTRACT: Based on a previous report on the field test of a 
highway continuous beam bridge, this paper presents the analysis of the earthquake 
response of the bridge. 


in this paper, simplified mechanical models of the bridge are proposed based on 
the theoretical analysis of the field test results. The earthquake responses ot 
the bridge are computed from the typical response spectrum and the earthquake 
acceleration waves inputted by using the DR analysis programs (Dynamic Response 
Analysis Programs tor Plane Member Structure). Finally, the safety degree and 
measures of earthquake resistance are discussed through a comparison between the 
results gained from the strength checking computations of the dangerous sections 
of the piles of two different models. 


LF "Visco-elastic and Visco-plastic Analysis of Rock Stratum Around Deep- 
a4 ‘ VU per ,* 
OURCE : hanehai TONGJI DAXUE XUEBAO [JOURNAL OF TONGJI UNIVERSITY] in Chinese 
‘ ’ 4 . ee. 2a 
4 _* i pt > ~+ 
EX] OF ENGLISH ABSTRACT: In this paper is proposed a rheological model with the 
Kelv uid Bingham bodies coupled in series, describing the instantaneous deftorma- 


ti ind creep of a rock stratum which is assumed to be a uniform and homogeneous 
mit inuum, around a deep-seated tunnel opening, and for this purpose a finite 


element program for plane strain problems has been set up. The model with its 
mputation program is suited for instantaneous elasticity, visco-elastic and 
plastic behaviors of the rock around the tunnel opening, and is especially 
i for studying the viscous behavior of soft rock, such as rock salt, shale, 


» ete. A numerical example is given to illustrate the use of the method. 











AUTHOR: YAN Deyue [7346 1795 1471] 
LI Guoying [2621 0948 3853] 
JIANG Yuansheng [3068 0337 3932] 


ORG: LI of Jiangsu Institute of Technology; JIANG of Jilin University 
rITLEs "The Molecular Weight Distribution of Multi-functional Living Polymers” 


SOURCE: Shanghai TONGJI DAXUE XUEBAO [JOURNAL OF TONGJI UNIVERSITY] in Chinese 
No 1, 1981 pp 23-42 


‘EX! OF ENGLISH ABSTRACT; In this paper, the general expressions of molecular 

weight distribution function and average degree of polymerization of multi-functional 
Living polymer with arbitrary functionality are derived by means of deliberately 
sOlving the set of Kinetic differential equations. For the double cruciform, star- 
shaped and comb-shaped living polymers, the branched chain length distribution and 
the average number of branched chains are also treated. As special examples, some 

of the practical cases are discussed in which the living polymers were respect ively 
generated by mono-functional, bifunctional or trifunctional initiators. The formu- 
las concerning linear polymers are compared with those reported in the past. 


AUTHOR: CHEN Yang ji [7115 2254 7535] 
XU Yunyuan [1776 6663 3293] 


VR; 3 None 


TITLEs "Approximate Method for Determining the Temperature Stresses in Space 
Latticed Trusses” 


SOURCE: Shanghai TONGJI DAXUE XUEBAO [JOURNAL OF TONGJ. UNIVERSITY] in Chinese 
No 1, 1981 pp 43-5¢ 


FX: OF ENGLISH ABSTRACT: This paper presents an approximate method for calculating 
the stresses in space latticed trusses due to temperature changes. The results are 
compared with those obtained by precise solutions with a digital computer, and the 
liscrepancies are found to be within allowable limits. In addition, the conditions 


under which the temperature stresses may be neglected are also piven. 
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SOURC! 
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rU Xiungyuan [1458 0686 6678] 
SHEN Rongfang [3088 2837 5364] 
HE Jianli [0149 0256 7787] 


None 
of wind Load Problems" 


"Study 


Shanghai TONGJI DAXUE XUEBAO [JOURNAL OF TONGJI UNIVERSITY] in Chinese 


lL, 1981 pp 57-67 


character- 


TEXT OF ENGLISH ABSTRACT: ‘his paper Giscusses the various problems of 
istics of daily wind, yearly wind, the wind during using period, and the tre- 
juencies and time intervals of strong wind. The respective statistical parameters 
ind distribution regularities are obtained. Meteorological data were taken from 
30 meteorological stations located throughout the PRC. 
Based on the above discussion, the paper also presents the suggestion of methods 
for wind analysis to be used in the Wind Load Code of China. 
. oC . >. 9 rf. — 
AL iUn Ss 1.AUO /uKaneg L 1202 4371 1660)] 
HUAN Layuan [2719 5198 0337] 
NG Peiyi [0397 1014 5030] 
et il. 
r ; yore 
Es “Loading Tests of Concrete Pavements on Elastic Foundation” 
OURCEs unghai {ONGJI DAXUE XUEBAO [JOURNAL OF TONGJI UNIVERSITY] in Chinese 
ol, 1961 pp 68-77 
EX! ( ENGLISH AB AC i It has been shown by loading tests on concrete slabs 
iat inalytic results of deflections and strains of slabs resting on elasti« 
i ite cont inuur ‘ the finite element method coincide well with the measured 
lues e loads are applied on the interior or edge-center of the slabs. 
OW * lis odulus of the foundation under the slab by interior loading 
a ht es greater than that from the bearing plate test. A: 
loading, ‘he Winkler foundation model is preferable. 














AUTHOR: YANG Yanxiong [2799 1693 3574] 
GU Yuping [7357 5148 1627] 


ORGS None 


CITLEs "ihe Measurement of Hardening Index n' for Metals and Its Application in 
Fracture Mechanics" 


SOURCE; Shanghai TONGJI DAXUE XUEBAO [JOURNAL OF TONGJI UNIVERSITY] in Chinese 
No l, 1981 pp 78-83 


(EX! OF ENGLISH ABSTRACT: This paper represents an effective testing technique for 
the measurement of hardening index n* of metals. Also, the significance of the 
hardening index and its application in fracture mechanics is mentioned. A method 
of converting the Jj, value into the Ky>_ value by the Jj, and COD measurements 
uSing small specimens is described in this paper. 


AUTHOR: SHI Junliang [2457 0193 5328] 
HU Yunkang [5170 6663 1660] 
SONG Ziyan [1345 1311 1750] 


= at one 
ORG: ,one 


TITLEs "Selecting Calculation of Three-port Modulating Valve in Cooling System 
with Surtace Cooler" 


SOUPCEs hanghai TONGJI DAXUE XUEBAO [JOURNAL OF TONGJI UNIVERSITY ]} in Chinese 
No 1, 1981 pp 84-94 


[EXT OF ENGLISH ABSTRACT: This paper solves the selecting calculation of a three- 

port valve with a theoretical method and gives the equations for computing the 
tatic characteristics of surface cooler, the pulsation of total flow of the valve, 

the actual adjustable range of the valve. By means of an engineering system 

which has operated normally for many years, the above theoretical method is 
erified, 
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